Purpose: Some stroke survivors exhibit disfluencies (e.g., repetitions, false starts, revisions, and filled pauses) in their discourse. Relatively little is known about the natural recovery trajectory of disfluencies following a subcortical stroke. The purpose of this study was to examine and describe the rate of occurrence of disfluencies in individuals with a history of subcortical stroke but absent a formal speech or language impairment diagnosis. Method and Procedure: Discourse samples from 6 individuals with a history of subcortical stroke and 6 matched controls were examined for the presence of disfluencies at 3 intervals: 1, 6, and 12 months after a stroke. Nonparametric tests were completed on the individuals to analyze the presence of disfluency during their first year following a stroke. Results: The total number of disfluencies and the disfluency rate were higher in the participants with subcortical stroke than in the controls. Disfluency rates were highly variable across the participants with subcortical stroke. Overall, the disfluency rate per minute declined in the first year following a stroke. Conclusion: Disfluencies are a negative consequence of subcortical stroke and are disruptive to poststroke communication. Future studies are required to examine the relationship between disfluencies that occur after a subcortical stroke and the patient's communicative efficiency and effectiveness.
disfluency is a break in the continuous production of speech that is characterized by false starts, revisions, prolongations, hesita-tions, and/or repetitions. Disfluencies are associated with both normal and abnormal motor speech and linguistic functioning (American Speech-Language-Hearing Association [ASHA], 1999; Duffy, 2005) . Hesitations, long pauses (filled and unfilled), and phrase repetitions are commonly regarded as normal disfluencies (ASHA, 1999) . In contrast, whole-word repetitions, part-word repetitions, prolongations, false starts, and revisions are commonly believed to be abnormal disfluencies. The generally accepted rate of normal disfluency among adults as reported in previous studies is 3% of the words uttered (De Nil, Sasisekaran, Van Lieshout, & Sandor, 2005; Robb, Bloomgren, & Chen, 1998; Shames & Rubin, 1983) or three disfluencies (stuttered words) per minute (Ryan, 1974) .
Neurologically based disfluency, or neurogenic disfluency, is disfluent speech resulting from a neurological disease or disorder (Duffy, 2005) . According to Duffy, neurogenic disfluency is stuttering-like behavior that is similar to a disfluency of developmental causes and is characterized by similar sound or syllable repetition, blocking, prolongations, or hesitations. Neurogenic disfluency is associated with a number of neurologically based communication disorders, including aphasia, apraxia of speech, dysarthria, and cognitive-affective disorders. Parkinson's disease, tumors, drug toxicity, progressive supranuclear palsy, and stroke are among the common etiologies of neurogenic disfluency (Duffy, 2005) .
Neurogenic disfluency is not a homogeneous disorder (Helm-Estabrooks, 1993) . Studies report pathologies that are cortical (Helm & Butler, 1980; Sahin, Krepsi, Yilmaz, & Coban, 2005) , subcortical (Alm, 2004; Ciabarra, Elkind, Roberts, & Marshall, 2000; De Nil et al., 2005; Van Borsel, Van Der Made, & Santens, 2003) , unilateral (Helm-Estabrooks & Hotz, 1998) , and bilateral (Nowack & Stone, 1987) . Neurogenic disfluency may be either transient or persistent, and the neuropathological causes of either type remain a source of debate (Vincent & Youse, 2005) . Previous studies have primarily consisted of case reports, thereby precluding the identification of a consistent disfluency pattern and underlying causes. Therefore, gaps persist in our understanding of neurogenic disfluencies, particularly those resulting from lesions to subcortical structures. For example, even though Market, Montague, Buffalo, and Drummond (1990) reported that 11% of the participants in their study exhibited neurogenic disfluency, none was due to subcortical lesions. However, to our knowledge, no prior study has examined or described the natural recovery trajectory of disfluencies following a subcortical stroke.
The difficulties associated with studying disfluencies following a stroke to the subcortical structures are the direct result of the complex neuroanatomical organization between the multiple subcortical structures that are critical to language performance and their relationship to the cerebral cortex. The basal ganglia is one subcortical structure that consists of a collection of gray matter structures located deep in the brain (Young & Penney, 2002) . A basic cortical-basal ganglia-cortical circuit exists that includes the cerebral cortex, striatum, globus pallidum, and thalamus. The vast majority of the cerebral cortex provides input to the basal ganglia via this base circuit. This base cortical-basal ganglia-thalamic-cortical circuit consists of five distinctive circuits that are identified by specific functions. The five circuits consist of a (a) motor circuit; (b) occulomotor circuit; (c) dorsolateral prefrontal circuit, lateral; (d) orbitofrontal circuit; and (e) anterior cingulated circuit (Alexander, Crutcher, & DeLong, 1990) . In summary, multiple connections exist between the basal ganglia, the cerebral cortex, and the thalamus via parallel circuits (pathways) that course to and from the basal ganglia (Middleton & Strick, 2000a , 2000b Utter & Basso, 2008) .
The basal ganglia plays a critical role in both motor speech and expressive language production via these multiple circuits (Ellis & Rosenbek, 2007) . Individual circuits govern both motor speech and expressive language function by connecting the cerebral cortex to specific nuclei of the basal ganglia-the putamen, which is critical to motor speech performance, and the caudate, which plays a vital role in expressive language production.
Subcortical strokes that damage the basal ganglia can result in a variety of communication disorders related to language (Ellis & Rosenbek, 2007; Jensen, Chenery, & Copland, 2006; McNamara & Durso, 2003) and speech (Alm, 2004; Duffy, 2005; Okuda, Kawabata, Tachibana, & Sugita, 1999) . Studies of left-hemisphere subcortical strokes indicate that "atypical aphasia" patterns typically occur that differ from aphasias resulting from cortical strokes (Nadeau & Crosson, 1997; Copland, 2000) . For example, in a review of 33 cases of individuals with basal ganglia lesions, Nadeau and Crosson (1997) found that highly variable patterns of language impairment emerged. Similarly, Copland, Chenery, and Murdoch (2000) found that individuals with a stroke to the basal ganglia presented with high-level expressive language deficits that were largely different from the language deficits that are typically observed following cortical strokes.
The basal ganglia also has a critical role as part of the motor speech programming mechanism (Duffy, 2005) . Therefore, subcortical strokes can result in distinctive motor speech disorders that can be attributed to disruption of the cortical-basal ganglia pathways (Okuda et al., 1999) . Duffy noted that subcortical strokes to the basal ganglia region are more likely to result in more profound deficits than are strokes in cortical areas. In summary, considerable evidence indicates that strokes to the subcortical mechanism are associated with language and motor speech deficits. However, less is known about the natural history of speech and language functions following a subcortical stroke.
Therefore, the purpose of this investigation was to describe the presence of disfluencies and their rate of occurrence in the discourse of a cohort of individuals who sustained a subcortical stroke primarily in the area of the basal ganglia and were in their first year following a stroke. Many speakers complain of mild and intermittent "speech difficulties" after stroke; however, these difficulties do not consistently emerge during standardized assessments. Therefore, we examined the presence of disfluencies, which are a frequent complaint among stroke patients who have neither a history nor a diagnosis of a specific speech or language disorder. A second goal was to determine if the frequency of disfluencies changed across time in the first year following a stroke. The examination of disfluencies across time allowed us to explore the natural recovery patterns of disfluencies following a subcortical stroke.
METHOD

Participants
Twelve participants consisting of 6 adults with a history of a subcortical stroke and 6 matched adults with no stroke history were included in the study. All participants were male. The 6 participants with a diagnosed subcortical stroke were selected from a larger stroke recovery and caregiving study conducted by the Health Services Research and Development Service of the Department of Veterans Affairs (Rittman, 2001) . Language samples selected for the analysis of disfluency were obtained from qualitative interviews that were completed as part of the stroke recovery and caregiving study. Each participant was interviewed at 1, 6, 12, 18, and 24 months following a stroke in his home. Language samples were obtained from the 1-, 6-, and 12-month interviews. Each semistructured interview included the same questions. Interviews examined a number of issues related to stroke recovery, including but not limited to descriptions of stroke onset, initiation of treatment, hospitalization and discharge, poststroke impairments, difficulties encountered after discharge, and socialization and adjustment issues. All data collectors were trained to minimally interrupt the participants in their attempts to elicit each stroke patient's account of the stroke experience. Therefore, each interview was more likely to contain a representative sample of the participant's typical daily communication in a relaxed setting. On average, interviews generally lasted 45 min; however, they ranged from 30 min to 2 hr. The 12-month interview was designed to capture the participant's typical daily routine as well as a comparison of those routines to the first few months of the recovery process. All interviews were audio recorded.
Participants were selected based on the following inclusion criteria: (a) documented presence of left-hemisphere subcortical stroke via MRI neuroimaging, (b) native speaker of English, and (c) no evidence of referral for speechlanguage evaluation or documented diagnosis of aphasia or general language impairment. Subcortical stroke was defined as infarcts primarily in subcortical structures (e.g., basal ganglia, internal capsule) in the left hemisphere. Neuroimaging scans of all participants included in this study were read and interpreted by a board-certified radiologist. Age and imaging results (MRI/CT) for each stroke participant are included in Table 1 . The normal participants were matched with the stroke participants by age, gender, and educational level.
None of the stroke participants had participated in a speech/language evaluation or had a documented speech/ language disorder. All stroke participants were discharged home after their stroke, and none had received specialized rehabilitation services to enhance their recovery. The stroke recovery and caregiving study and this study were reviewed and approved by the institution review board and all participants gave written consent.
Procedure
Each participant in the study completed a Mini-Mental Status Examination (MMSE; Folstein, Folstein, & McHugh, 1975) as a gross measure of cognitive ability. Speech samples for the stroke participants selected for analysis in this study were obtained from qualitative interviews that were completed as part of the larger study. Each stroke participant was interviewed in his home at 1, 6, and 12 months following his stroke. Interviews examined a number of issues related to stroke experience, including but not limited to descriptions of the stroke onset, initiation of treatment, hospitalization and discharge, poststroke impairments, difficulties encountered after discharge, and socialization and adjustment issues. Interviews included descriptions of a typical day in the life of a patient who had a stroke in addition to questions regarding the stroke experience. All interviews were audio recorded. Similar samples were collected from the normal control participants. Interviews for the normal controls were also designed to elicit descriptions of a typical day in their lives.
Five-minute speech samples for this study were extracted from the 1-, 6-, and 12-month qualitative interviews of the 6 stroke participants, for a total of 24 speech samples (18 from the stroke participants and 6 from the controls). The samples included the participants' responses to interview questions regarding their typical day. Samples from the original audio-recorded interviews were downloaded into a Speech Tools 2.0 Speech Analyzer (2001) to separate the 5-min sample from the entire interview. Each 5-min sample included interviewer questions and prompts. Samples that are 5 min in length are typically adequate to measure behaviors occurring roughly three times per minute (Boles & Bombard, 1998) . A comparison sample was collected from each of the 6 control participants. The samples from the controls were limited to a single audio-recorded description of a typical day, for a total of six speech samples.
Transcription and Segmentation
An independent transcriptionist was employed to transcribe the speech samples of all participants. The primary author checked all transcribed speech samples selected for the disfluency analysis for accuracy. If words were deemed unintelligible by the transcriber but understood by the first author, they were corrected. All words that were unintelligible to the primary author were excluded from the analysis.
Sample Length Analysis
To correct for the variability in sample length after extracting interviewer comments, and to limit the impact that length might have on the occurrence of disfluencies, a total word count was obtained for each conversational sample. Interviewer questions and comments were excluded from the word count. Contractions and dialectal variations such as wanna and gonna were counted as two words. Because speech rate can significantly influence fluency levels (Furquim de Andrade, Cervone, & Sassi, 2003) , a words per minute (WPM) rate was also calculated for each sample.
Disfluency Analysis
All disfluencies were identified and circled on each transcript. Disfluencies included false starts, revisions, sound repetitions, part-word repetitions, whole-word repetitions, phrase repetitions, and filled pauses (uh, ah). Ideational repetitions used to emphasize a topic's content or to guide a listener to interpret the repeated item more deeply were not included in the analysis. Examples of disfluencies that were included in the analysis are provided in Appendix A. Examples of repetition-type disfluencies that were excluded from the analysis are shown in Appendix B.
Three disfluency values were calculated for comparison with the control group: total number of disfluencies; disfluency rate, defined as the total number of disfluencies in each sample divided by the total number of words produced; and disfluency rate per minute (DRPM). DRPM was adapted from Ryan's stuttered words per minute (Ryan, 1974) and was defined as the total number of disfluencies divided by sample length in minutes.
Reliability
Interrater reliability for the identification of disfluencies and the number of words was calculated by having trained raters independently analyze eight of the 24 (33%) samples. Reliability was calculated as the percentage of agreement between the two raters based on a point-to-point comparison of scoring decisions. Agreement between raters was 98% for identification of words and 95% for disfluencies.
RESULTS
Nonparametric group comparison tests (Mann Whitney U)
were completed to compare age and MMSE scores for the two groups. The results did not reveal significant group differences in age between the two groups (Z = -.88, p = .394). The mean age for the stroke group (61.30, SD = 9.1) was slightly lower than that for the control group (63.60, SD = 11.8). None of the participants in the study exhibited evidence of dementia using a cutoff score of 26/30 on the MMSE. However, group comparisons revealed significant differences in MMSE scores (Z = -2.86, p = .001). The mean MMSE score for the stroke group (27.7, SD = 1.37) was slightly lower than that for the control group (29.8, SD = 1.49).
The speech samples that were collected from the control participants were compared to the speech samples that were collected from the stroke participants at each time point (1, 6, and 12 months). Nonparametric two-group comparison tests (Mann Whitney U) were also completed to compare all variables of interest (total words, WPM, total disfluencies, disfluency rate, and DRPM) between the two groups. Group means for all variables are summarized in Table 2 .
Word Production
The control participants produced an average of 546.7 total words per sample compared to the stroke participants, who produced an average of 445.7 words at 1 month, 417.8 words at 6 months, and 375.5 words at 12 months. There were no significant group differences in the average total words produced by the stroke participants at 1 month (Z = -1.21, p = .24), 6 months (Z = 1.12, p = .31), or 12 months (Z = -1.44, p = .18). A Friedman's test was completed to evaluate the total number of words produced by the stroke participants with time following onset (1, 6, and 12 months) as the within-subjects factor. This test revealed that the stroke participants did not exhibit a significant difference in the mean number of words that they produced across the three points in time (χ 2 = 2.33, p = .31).
WPM
The control participants produced an average of 135.7 WPM compared to the stroke participants, who produced an average of 89.1 WPM at 1 month, 83.6 WPM at 6 months, and 75.1 WPM at 12 months. There were significant group differences in the WPM rate of the stroke participants at 1 month (Z = -2.08, p = .04) and 12 months (Z = -2.24; p = .03), but not at 6 months (Z = -1.92, p = .07). A Friedman's test to evaluate the WPM rate among the stroke participants with time following onset as the within-subjects factor revealed that the stroke participants did not exhibit a significant difference in the WPM that they produced across the three points in time (χ 2 = 2.33, p = .31).
Disfluencies
The control participants produced an average of 3.2 disfluencies per sample compared to the stroke participants, who produced 13.0 disfluencies at 1 month, 11.8 at 6 months, and 7.8 at 12 months. There were significant group differences in the average number of disfluencies produced by the stroke participants at 6 months (Z = -2.17, p = .03), but not at 1 month (Z = -1.77, p = .09) or 12 months (Z = -1.46, p = .18). A Friedman's test to evaluate the mean number of disfluencies that were produced by the stroke participants with time following onset as the within-subjects factor revealed that the stroke participants exhibited declining but nonsignificant (χ 2 = 2.80, p = .25) average numbers of disfluencies from 1 month to 12 months.
Disfluency Rate
The disfluency rate for the control participants was .01 compared to a disfluency rate for the stroke participants of .03 at 1 month, .05 at 6 months, and .04 at 12 months. There were significant group differences in the stroke participants' disfluency rates at 1 month (Z = -2.18, p = .03) and 6 months (Z = -2.25, p = .03), but not at 12 months (Z = -1.53, p = .13). A Friedman's test to evaluate the disfluency rate for the stroke participants with time following onset as the within-subjects factor revealed that the stroke participants produced a variable disfluency rate across time points. The disfluency rate was not significantly different across the three points in time, χ 2 = 1.73, p = .42.
DRPM
The DRPM for the control participants was .63 compared to a DRPM of 2.6 for the stroke participants at 1 month, 2.4 at 6 months, and 1.6 at 12 months. There were significant group differences in the stroke participants' DRPM at 6 months (Z = -2.17, p = .03), but not at 1 month (Z = -1.53, p = .090) or 12 months (Z = -1.46, p = .18). A Friedman's test to evaluate the stroke participants' DRPM with time following onset (1, 6, 12 months) as the withinsubjects factor revealed a declining but nonsignificant (χ 2 = 2.80, p = .25) change across the three time points.
DISCUSSION
In this study, our goal was to examine the presence of disfluencies in the discourse of individuals who had a history of subcortical stroke. We measured the presence of disfluencies at three time points in the first year following stroke among participants who were absent a diagnosed speech or language impairment. Our primary findings were that the participants' total number of disfluencies, disfluency rate, and DRPM were significantly higher than those of the control group at 1 and 6 months while approaching a similar nonsignificant rate at 12 months. In general, the mean total number of disfluencies and DRPM declined across the three time points in the stroke participants' first year following a stroke. In contrast, the stroke participants' observed disfluency rate was slightly higher at 6 months than at 1 month following a stroke. However, the 12-month rate was lower than the 6-month rate even though it was slightly higher than the 1-month rate. Finally, the average number of words produced by the stroke participants remained generally constant across the three time points and was not significantly different than that of the matched controls.
The results of this pilot study indicate that some individuals who sustain a subcortical stroke may produce disfluencies at a rate that is more frequent than is typically observed in nonneurologically impaired speakers. Our participants on average produced disfluencies that represented at a minimum 3% of their total output. Their disfluency rate at 1 month (3%) was very similar to the reported average rate of nonneurological populations; however, the stroke participants' disfluency rate at 6 months and 12 months, and the range of their disfluency rates, suggests significant variability in the level of communication impairment (disfluencies) among the subcortical stroke participants.
The range of disfluency rates suggests a greater deficit level among the subcortical stroke participants than the 3% average actually conveys. The percentage disfluency in this patient population was on average 3%-5% of their total output compared to 1% for the control sample. This value represents a disfluency production rate that is at the cutoff (3%) for classifying individuals with an excessive percentage of disfluent output. We note here that the 3%-5% average was derived from a range of <1% disfluencies to a high of 15%-17% disfluencies for one of our participants at both 6 months and 12 months. These high values suggest an excess disfluent output and the presence of undiagnosed disfluency of neurogenic origin due to subcortical stroke. Interestingly, overall, the participants with a stroke history exhibited a general decline in disfluencies over time in the absence of specialized speech-language interventions.
Reports of disfluencies occurring after a subcortical stroke are not new to the literature (Carluer, Marie, Defer, Coskun, & Rossa, 2000; Ciabarra et al., 2000; Kono, Hirano, Ueda, & Nakajima, 1998; Ludlow, Rosenberg, Salazar, Grafman, & Smutok, 1987) . Ciabarra and colleagues examined the disfluency patterns of 3 patients, 2 of whom had a lesion to the basal ganglia. The patients with basal ganglia lesions exhibited initial prolongations of consonants, and repetitions of initial syllables during spontaneous speech. The authors' explanations for the disfluent output included (a) disruption of intrahemispheric connections due to basal ganglia lesions or (b) disruption of the timing of speech motor control following a subcortical stroke. In summary, multiple mechanisms were likely in play following the complex variety of lesions that can occur in subcortical structures (Ciabarra et al., 2000) . Similar patterns have been reported in case reports of individuals with lesions to the basal ganglia (Carluer et al., 2000; Kono et al., 1998; Ludlow et al., 1987) and other subcortical structures such as the thalamus (Andy & Bhatnagar, 1992; Heuer & Sataloff, 1996) .
Although there are neuroanatomical explanations for the observed disfluency patterns (Alm, 2004) , the purpose of this study was only to describe the presence of disfluencies in the discourse of speakers with a history of subcortical stroke but absent specific speech and language diagnoses. It was not our intent to identify the specific underlying mechanisms that may have caused the disfluency pattern that was observed in the study participants, particularly given our small sample size and the absence of standardized speech and language assessments. Our goal was primarily to highlight the presence, nature, and natural history of disfluencies in poststroke speakers during the first year of recovery.
Although the general trend observed in these patients who had a stroke suggests declining but persistent disfluency rates across time points (1, 6, 12 months), considerable within-group variability was observed at each time point. Therefore, within-patient variability must be considered when analyzing the observed results (Nespoulous, 2000) . The observed changes in rates (increases or decreases) were potentially an artifact of health status (i.e., unrecognized second stroke) or behavioral changes (depression) that were unknown to the authors. Additionally, a degree of task variability may have resulted from the speech samples being collected across time points (Armstrong, 2002; Nespoulous, 2000) or other issues associated with discourse production.
Conclusion
Disfluencies resulting from neurologic causes are by nature a heterogeneous disorder that represents one of many consequences of neurological disease or injury (Helm-Estabrooks, 1993) . Therefore, neurogenic disfluencies can occur after a variety of neurological conditions, including stroke, head trauma, extrapyramidal disease, dementia, tumors, and drug use (Shapiro, 1999) , and a diagnosis of neurogenic disfluency requires that psychiatric causes are also ruled out (Sapir & Aronson, 1990) . Our interest in these data are primarily related to the persistent presence of disfluencies following a stroke and their potential relationship to mild speech or language deficits. Identifying abnormal disfluencies is straightforward, but characterizing the relationship of disfluencies to a specific motor speech or expressive language disorder or determining their functional impact poses greater difficulty. If the disfluencies we observed represent true neurogenic disfluency, a number of questions emerge: (a) What is the incidence of speech disfluency in poststroke individuals who have no history or diagnosis of speech disorder? (b) What is the functional impact of disfluencies on communicative ability? and (c) Do disfluencies consistently influence communicative efficiency in a negative fashion? For some poststroke speakers, low disfluency rates (3-5 DRPM) in some contexts are probably impossible to differentiate from normal disfluency rates. We calculated a disfluency rate and DRPM, including multiple disfluency types, without assumptions regarding the type or cause in order to measure the frequency at which disfluencies occur.
Disfluencies can occur within, between, across, among, before, after, and throughout speech (Cordes & Ingham, 1995) . Distinguishing disfluencies due to language formulation deficits (e.g., mild aphasia) from speech-based disfluencies is beyond the scope of this study but should be an emphasis of future studies of poststroke speakers. Standardized definitions, descriptions, and assessments are sorely needed to better understand disfluencies of both types (Cordes & Ingham, 1995) . Further studies of disfluencies are also needed to characterize the relationship between speech production errors and communicative effectiveness.
We recognize a number of weaknesses of this study. First, our samples were not originally collected for speech analysis, and standardized measures were not completed. Second, some heterogeneity of the subcortical lesion locations existed among our participants, which may have contributed to our results (Nespoulous, 2000) . Disfluency following subcortical damage has been described in the literature, but the recovery pattern is not well understood. The heterogeneity of lesion locations among the participants of this study also precludes a uniform explanation for the observed reductions in fluency. A third issue is the validity of using control comparisons from samples that were collected at one time point as a comparison to multiple time points among the participants with a subcortical stroke. We realize that subsequent study designs derived from theoretical frameworks of mild motor speech deficits and normal speech production variability are required to adequately address these questions. Future studies should also consider the relationship between disfluencies and measures of communicative efficiency and effectiveness.
